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Abstract: The concept of dominance is one of the most important ideas in graph theory for handling 
random events, and it has drawn the interest from many scholars. Research related to graph energy 
has garnered a lot focus recently. The application of single-valued neutrosophic graphs (SVNGs) for 
energy, Laplacian energy, and dominating energy has been recommended by previous studies. In 
this research, we apply the concepts of single-valued neutrosophic sets (SVNS) to graph structures 
(GSs) and investigate some intriguing features of single-valued neutrosophic graph structures 
(SVNGS). Moreover, the notions of A;-dominating energy GS in an SVNGS environment is analyzed 
in this study. More specifically, illustrative examples are used to develop the adjacency matrix of a 
4,-dominating SVNGS, as well as the spectrum of the adjacency matrix and their related theory. 
Further, the SVNGS d,-dominating energy is determined. We go over various characteristics and 
constraints for the energy of SVNGS with A, -dominating. Further, we introduce the idea of 
isomorphic and identical A,-dominating SVNGS energy, which has been studied using relevant 
examples, and some of its established properties are presented. 


Keywords: SVNGS, d,-dominating; Energy; Isomorphic; Identical. 


1. Introduction 


The graph spectrum finds application in mathematical issues related to combinatorial 
optimization as well as statistical physics. The graph's spectrum can be more practically applied in a 
variety of real-world situations, including operations management, networking systems, science and 
technology, and medical science data held in databases. The adjacency matrix of the graph's 
eigenvalues is defined as the sum of their absolute values. The graph's energy is used in quantum 
theory and many other energy-related applications by connecting the graph's edge to a particular 
type of molecule's electron energy. Motivated by chemical applications, Gutman [1] first proposed 
this idea in 1978. The Laplacian energy of a graph was later defined by Gutman and Zhou [2] as the 
sum of the absolute values of the differences between the average vertex degree of G and the 
Laplacian eigenvalues of G. [3-6] contains information on the characteristics of Laplacian energy and 
graph energy. 

Real-world problems with uncertainty and ambiguity are not always flexible to the common 
methods of classical mathematics. In 1965, Zadeh [7] developed the notion of a fuzzy set (FS) as an 
extension of the conventional concept of sets. Since then, other researchers have investigated the idea 
of fuzzy sets and fuzzy logic to solve a variety of real-world issues involving ambiguous and 
uncertain situations, as represented by a membership function with a value in the real unit interval 
[0, 1]. Because it is a single-valued function, the membership function, however, cannot always be 
used to collect both support and opposition evidence. Atanassov [8] developed the intuitionistic 
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fuzzy set (IFS) as a generalization of Zadeh's fuzzy set. It is possible to create IFS, which has both a 
membership and a non-membership function, by deriving a new component, degree of membership 
and non-membership, from the characteristics of the fuzzy set. One of the most useful techniques for 
controlling ambiguity and unpredictability is the IFS. The magnitudes of satisfaction and discontent 
are included in an intuitionistic fuzzy set, which is a collection of fuzzy values. Yager [9] invented the 
ordered weighted average operators’ concept for IFS. Weighted averaging operators were created for 
the first time by Xu [10] in the IFS theory. The neutrosophic set, which the author Smarandache [11- 
14] devised to handle the ambiguous and inconsistent data, has been extensively investigated and is 
used in a variety of domains. The indeterminacy value is explicitly quantified and truth membership, 
indeterminacy membership, and false membership are defined completely independently if the sum 
of all of these values in the neutrosophic set is between 0 and 3. Neutrosophy: Neutral Logic, Neutral 
Probability, and Neutral Set Explain in greater detail the terms neutrosophy, neutrosophic 
probability, set, and logic. The neutrosophic set has quickly caught the interest of many researchers 
due to the wide range of description situations it covers. Xindong Peng and Jingguo Dai [15] reference 
is also given a thorough analysis. The neutrosophic collection has undergone a bibliometric analysis 
from 1998 to 2017 that is presented. 

Fuzzy graph theory was created by Rosenfeld [16] in 1975 and analyzed the fuzzy graphs (FGs) 
for which Kauffmann developed the essential idea in 1973. He researched numerous fundamental 
concepts in graph theory and established some of their characteristics. When there is uncertainty or 
ambiguity regarding the existence of an actual object or the relationship between two objects, FGs are 
a useful tool for representing object relationship structures. Some of the FG applications can be found 
in [18-20]. The idea of computing the constrained shortest path in a network with mixed fuzzy arc 
weights applied in wireless sensor networks was recently presented by Peng, Z., Abbaszadeh Sori, 
A., et al. [28]. For more information, it is recommended to read the research papers Applications of 
graph's total degree with bipolar fuzzy information and Estimation of most affected cycles and 
busiest network route based on complexity function of the graph in a fuzzy environment in 2022 by 
Soumitra Poulik and Ganesh Ghorai [29-31]. Further, introduced the Connectivity Concepts in 
Bipolar Fuzzy Incidence Graphs. 

The concept of domination in graphs can be applied to a wide range of problems, such as 
transportation systems, combining theory, coding theory, social network analysis, communication 
networks, security systems, and congestion. Somasundaram and Somasundaram [21] first presented 
the novel ideas of domination in FGs in 1998. After that, Somasundaram [22] presented various 
operations on FGs and investigated domination in products of FGs. To find out more, it is suggested 
to study at the research papers. The following studies [23-25] provide some helpful information about 
these kinds of structures. In 2022, Bera, S., and Pal, M. [26] presented a new idea regarding 
domination in m-polar interval-valued FG. The idea of edge-vertex domination on interval graphs in 
2024 was recently introduced by Shambayati, H., Shafiei Nikabadi, M., Saberi, S., et al. [27]. In the FS 
environment, the energy of a graph was first proposed by Anjali and Mathew [32]. Sharbaf and Fayazi 
[33] introduced the idea of LE of FGs and extended some results on LE bounds to FGs. The concept 
of energy of Pythagorean FGs with applications was recently introduced by Muhammad Akram and 
Sumera Naz [34]. Moreover, they presented the concept of Bipolar FG Energy and Energy of double 
dominating bipolar FGs [35, 36]. Many scholars have integrated the study of energy graphs, 
dominating sets, and NSs since the development of the NS. The dominating energy in a single-valued 
NG was recently proposed by Mullai and Broumi [37]. Novel Concept of Energy in Bipolar Single- 
Valued NGs with Applications was proposed by Mohamad, S.N.F., Hasni, R., Smarandache, et al. 
[38]. 

By generalizing an undirected graph, a Graph Structure (GS) may be produced. Signed graphs 
and other types of graphs can then be studied using this structure. The concept of GSs was initially 
introduced in Sampath Kumar's [40] work in 2006. The idea of an FGS was first put forth by T. Dinesh 
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and T. V. Ramakrishnan [41] in their 2011 investigation. The ideas of Operations on Intuitionistic FGS 
and Single-Valued NGSs were recently introduced by Muhammad Akram [42, 43]. In an additional 
development, Bathusha, S. N. S., et al. [44, 45] presented the energy of interval-valued Complex NGS 
as well as the idea of interval-valued Complex Pythagorean FGS with application. A few LE-bound 
findings were expanded to include interval-valued Complex NGS and applications. In 2024, new 
works were unveiled. 

Specifically, the objective of this work is to present A,;-dominating SVNGS that were first 
described. After that, the energy principles for Aj-dominant SVNGS are explained. Furthermore, we 
discuss several properties and restrictions for the energy of A, -dominating SVNGS. We also 
introduce the concept of identical and isomorphic 4,-dominating SVNGS. 

1.1 Motivation 

Many graph theory problems consider pairwise relations of objects, and certain properties of the 
objects can be connected in such a way that they produce irreflexive, symmetric, and mutually 
disjoint relations. By graphically representing a GS, this type of information loss can be prevented. 
The study of SVNS as applied to the GS and their applications is motivated by the need to handle 
difficult decision-making situations when faced with imprecise information. Although there is some 
flexibility available with existing fuzzy models, SVNGSs offer a more flexible tool for controlling 
uncertainty. In SVNS, values for true membership, indeterminate membership, and false membership 
are included in consideration. The focus of our study is specifically drawn to the features and 
limitations of energy of 4,-dominating SVGCS. 

Once again expressed abstractly, this concept can be used in the energy of A, -dominating 
SVGCS. Figure 1 and the following describe the organizational structure of this work: Section 
preliminaries present the fundamental ideas of the neutrosophic set. Next, the ideas of SVNGSs and 
4,;-dominating energy SVNGSs are defined. Moreover, we discussed the energy of A)-dominating 
SVNGS including its properties and bounds. In the conclusion section, we have provided an 
explanation of the study's future directions as well as the importance of the findings. 
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2. Preliminaries 


The basic definitions of domination and the single-valued neutrosophic graph (SVNG) that are 
relevant to this study are presented in this section. 


Definition 2.1. [41] Let ¢* = (Q,R,,R2,...,R,) be a graph structure in which Q is a non-empty set 
and Ry, R2,...,R,x are mutually disjoint, irreflexive, and symmetric relations on Q. 


Definition 2.2. [11] Let Y be a universal set. The NS uw in Y defined membership functions 
H,(a), U2(a), and 3(a) represent the true, indeterminate, and false values found in the 

be = {a, 4,(a), U2 (a), u3(a)|a € Y}, where non-standard subset of ]0°,1*[ and the real standard, 
respectively, such that: 

H = {4,41 (@), H2(@), U3 (a) la € Y}, wherepy, Uz, H3 + ¥ >]0-,1*[ and 0- < 4, (a), 42 (a), M3 (a) < 3°. 


Definition 2.3. [39] Let Y be a universal set. The SVNS w in Y is an object form py, 2,3 : Y > [0,1] 
and 0 S 14,(@),u2(@), u3(a) < 3. 


Definition 2.4 [38] ASVNG ¢ = (u,A) isa pair, where u:Q — [0,1] isaSVNSonQand R:QxQ-> 
[0,1] isa SVN relation on Q such that 

A, (a,b) < min{u,(@), H1(b)}, 

Az (a,b) S max{u2 (a), U2 (b)}, 

A3(a, b) S max{u3(a), u3(b)}, 
For all a,b€Q. pand Aare referred to be SVN vertex setof ¢ and the SVN edge set of ¢, 
respectively. 
Definition 2.5. [37] ANSVNG ¢ = (uA) beaSVNGand a,b € Q in, there we say that a dominates 
b if 

Air (a,b) < Wig(a) A Hiab), 

Arr (a,b) S U2Q(@)V HQ (b), 

A3r(a,b) S U3q(@) V H39(b). 


3. Energy of A,;-dominating Single- Valued Neutrosophic Graph Structure 


The basic definitions of domination and the single-valued neutrosophic graph (SVNG) that are 
relevant to this study are presented in this section. 

The energy of Aj;-dominating GS is defined, and its properties are discussed in this section using 
the frameworks of SVNG theory. 


Definition 3.1. Let ¢ = (u,44,4,,...,4,) is referred to as an SVNGS of GS (* = (Q,R,, Ro,..., Rx) if 
= {r, Uy (1), U2 (T), u3(7)} is an SVN set on Q and A, = {rs,A,,(rs),A2)(rs),A3;(rs)} are SVCN sets 
on Q and R, such that 


Ay@s) S$ min{u,(r),4,(s)}, 
A2y (r,s) < max{u2(r),u2(s)}, 
Az; (r,s) < max{U3 (r), L3 (s)} 


such that 0 < A,)(7,5) + Az)(7, 5) + A3;(7,5) S$ 3 forall (r,s) € R,J = 1,2,...,k. 


Definition 3.2. The adjacency matrix AG = {Ad;,Adz,..., AA} of a SVNGS ¢ = {u,Ay,A2,..., Ax}, 


where Ad,, J = 1,2,...,k) is a square matrix as [uj ] in which 


Uk = (Aq) (UjUx), A2j (UjUx), As; (Uj), 


Vujux € R, and J = 1,2,...,k. 
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The adjacency matrix AQ = {Ad,, Adz,...,AA,} of ASVNGS ¢ = (u,A4,A2,-..,A,). Then the A, degree 


of vertex u in A(¢) is defined as 


Ady,(u) = (Adz, (w), Ady, ,(u),Ad3,, (U)) 
k 
Ady, (0) = (Ary (wje)) 


k 
Ada, (u) = CY. Aay (uz), 


Z=1 


k 
Ad), ,(u) = Yay (ujz) ,VJ = 1,2,...,k. 


Z=1 


Definition 3.3. A graph structure of the form ¢ = (u,A4,A2,.-.,A,x) is referred to as an A)-dominating 
SVNGS, where 4,;:Q — [0,1] denoted degree of truth membership, A,;:Q — [0,1] denoted the 
degree of indeterminacy membership and A3):Q— [0,1] denoted degree of false membership 
defined such as: 


Ay (r) = ( ie (auc, s)), 


r 


Az (T) = te) : (Aa)(r,s)), 


in 
T,S)ER 


r 


A3)(r) — nh. (Aaj(r, s)),¥J = 1,2,...,k. 


Definition 3.4. Let ¢ = (u,A1,A2,...,Ax) be a A,;-dominating SVNGS. Let r,s € Q, we state that r 
dominates s in ¢ if there exists a strong arc from r to s for all (r,s) ER, and J =1,2,...,k. A 
subset D, © Q isreferredto asa Aj)-dominant set in ¢* if foreach s € Q — D,, there exists one vertex 


r € D, suchthat r dominates s forall (r,s) €R, and J = 1,2,...,k. 


Definition 3.5. Let ¢ = (u,A1,A2,..-,A,) be a A;-dominating SVNGS. The adjacency matrix of a A,- 
dominating SVNGS ¢ is defined as Ap 9) = [ars], where 


Ai rs Azprs,Asyrs if (r,s) © Ry 
dy, =4(1,1,1) ifr =sandreD, 
(0,0,0) otherwise 


This adjacency matrix of a 4A, -dominating SVNGS Ap, (¢) can be written as Ap, (¢) = 
(Aq) (9), 42; (9), 43 (9)) where 


Airs if (r,s) € R, 
A$) =41 ifr =sandreD, 
0 otherwise 


Qaprs if (r,s) € Ry 
A2j($) =41 ifr=sandreD, 
0 otherwise 
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As)rs if (r,s) € R; 
A3)($) =41 ifr=sandreD, 
0 otherwise 


Definition 3.6. The spectrum of an adjacency matrix of a A,-dominating SVNGS is defined as 
day pdzy psy Ay pzy pAsy : 

Fe pls ela Pe Whee BP ae, are the sets of eigenvalues of A,,/(¢),A2/(4),43)() , 

respectively. 

Definition 3.7. The energy of a A;-dominating SVNGS ¢ = (u,41,d2,.-., 4%) is defined as 


EUG) = (ERY), E(B”), E(B) 


=(¥ ladayh ¥1Gdayb 3 lay). 


a a a 
whereP,” = {(a))a,Yia Po” = ((Bida,}a and Po” = {(y;)a,}hx forall J = 1,2,...,k. 


Example 3.8. An A,;-dominating SVCNGS ¢ = (w,4;,A2) of aGS ¢* = (Q,R,,R2) given Figure 2 isa 
Ay -dominating SVCNGS C = (uA, 42) such that 
{u,(0.6,0.4,0.3), u2(0.5,0.4,0.6), u3(0.6,0.4,0.5), u4(0.3,0.5,0.4)}. 


h= 


_ \1(0.5, 0.4, 0.6) uy 
: : 
a = 
2 3 
-“ d; (0.3, 0.5, 0.5) U3 
Figure 1 


And A,), A2;,43,; are defined by 4,;:Q > [0,1], A27:Q — [0,1], 237: Q > [0,1], as shown in Figure 2, 
where 


Ayi(u,) = yg tg aa ae U2)) = 0.5 


Similarly, Ay1 (U2) = 0.3, Ay1 (U3) — 0.3, Ay1 (ua) = 0.3, 


A42(U1) = ( min (Ay2(U4,U4)) = 0.3 


Uz,U4)ERQ 
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Similarly, A,2(u2) = 0.5, Ay2(u3) = 0.5, Ay2(u4) = 0.3. 
The A,-dominating SVNGS 
A,(u,) => (0.5,0.4,0.6), A, (uz) => (0.3,0.5,0.6), A, (uz) => (0.3,0.5,0.5), 


A, (U4) => (0.3,0.5,0.6). 
The A,-dominating SVNGS 
Az (uy) = (0.3,0.5,0.4), Az (uz) => (0.5,0.4,0.6), Az(u3) = (0.5,0.4,0.6), 


Ay (ug) = (0.3,0.5,0.4). 


Here, u,/,-dominates uz and u3/A,-dominates u, because 


Ayi(Uy, U2) S min{A,, (U1), 411 (U2) }, 221 Ur U2) S min{Az; (Uy), A21(U2)}, 
A31(Uy, U2) S min{As, (Uz),A31(U2)}, Ara (Ug, Ug) S Min{A,; (Us), Aq1 (U4) }, 
Aoi (U3, U4) S min{Az, (Uz), A21(U4)}, Agi (Ug, U4) S min{Asz; (Uz), A31(U4)} 


u, A,-dominates u, and u3A,-dominates u, because 


Ay2(Uy, Ug) S min{Ay2 (uy), Ar2(Ua)}, Az2 (Ur, U4) S min{Az2 (ut), A22(uU4)}, 
A32(Uy,U2) S min{A32 (Uy), A32(U2)} Ai2(U2, U3) S min{A,2 (uz), A12(u3)}, 
Ag2(U2,U3) S min{Ag2 (Uz), A22(U3)}, A32(U2,U3) S min{A32 (U2), A32(u3)} 


Thus D, = {uy,u3} isa A;-dominating set because every vertex in Q — D,, is Aj-dominated by atleast 
one vertex in D, forall J = 1,2. 


The adjacency matrix of A,-dominating SVNGS given in Figure 2 is 


(1,1,1) — (0.5,0.4,0.6) —(0,0,0) (0,0,0) 
Ag, = |(0-5:0-4.06) (00,0) (0,0,0) (0.3,0.5,0.6) 
11 (0,0,0) (0,0,0) (1,1,1) —(0.3,0.5,0.5) 


(0,0,0) — (0.3,0.5,0.6)  (0.3,0.5,0.5) —_(0,0,0) 


The adjacency matrix of 4,-dominating SVNGS given in Figure 2 is 


(1,1,1) (0,0,0) (0,0,0)  (0.3,0.5,0.4) 
eC) (0,0,0) (0.5,0.4,0.6) (00,0) 
21 (0,00) (0.5,0.4,0.6) — (1,1,1) (0,0,0) 
(0.3,0.5,0.4) — (0,0,0) (0,0,0) (0,0,0) 


The adjacency matrix of A,-dominating SVNGS given in Figure 2 is 


(hict) (0,0,0) (0,0,0) —— (0.3,0.5,0.4) 
Aa, =| (020.0) (0,0,0) (0.5,0.4,0.6) (00,0) 
21 (0,00) (0.5,0.4,0.6) —(1,1,1) (0,0,0) 
(0.3,0.5,0.4) — (0,0,0) (0,0,0) (0,0,0) 


This can be written in six different matrices as: 


1 05 0 O 1 04 0 O 

_105 0 O 03 04 0 +O O35 
et ad 0 oOo 1 0.3) 4421 = 0 oO 1 O35) 

0 03 03 O 0 05 05 O 
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1 06 0 O 1 O OO 03 
_106 0 O 06 0 05 O 
eae? 0 0 1 O05 Ade 0 05 1 #=Of7 
0 06 05 O 03 0 #0 O 
1 oO 0 05 1 oO O 04 
_/|0 O 04 0 0 0 06 0 
Nace 0 04 1 #0 pada = 0 06 1 =O 
05 0 OO O 04 0 #0 =O 
Since, 

spec(AP2"*(Z)) = (—0.4245,0.1202,1.0801,1.2242), 
spec(AP;*(Z)) = (—0.6268,0.2354,1.1173,1.2741), 
spec(AP;**(Z)) = (—0.7728,0.2154,1.1647,1.3927), 
spec (AP, (Z)) = (—0.2071, —0.0831,1.0831,1.2071), 
spec (AP; (Z)) = (-0.2071, —0.1403,1.1403,1.2071), 
spec (AP; (7) = (-—0.2810, —0.1403,1.1403,1.2810). 

Therefore, 


spec (4,3 ©) = {(—0.4245, —0.6268, —0.7728), (0.1202,0.2354,0.2154), 


(1.0801,1.1173,1.1647), (1.2242,1.2741,1.3927)}, 


spec (4,3 ©) = {(—0.2071, —0.2071, —0.2810), (—0.0831, —0.1403, —0.1403), 


(1.0831,1.1403,1.1403), (1.2071,1.2071,1.2810)}. 


The energy of A,-dominating SVNGS ¢ is 
E@) = (e(R), (RE), £(72*)) 
=(¥l@dayh EIGdah Z1Qdal) = 2:6086,2.7829,3.1150) 
The energy of A,-dominating SVNGS ¢ is 
BAG) = (E(B?) E()”), E(B) 
= (¥ l@dagh ¥ lBdaah ¥ 1Daal) = (2-5804,2.6948,2.8427) 


Theorem 3.9. Let ¢ = (u,A4,A2,...,A,) bea Aj;-dominating SVNGS with n vertices and m R,- 
edges. Let D; = {@1,@2,4,...,@y} bea A;-dominating set. If 
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(14) ay (a)ayrese1 Qn day(Bray BadayrsBrday and (Y1)ays Y2)ayr--+» nda, are the eigenvalues of 
the adjacency matrix Pe 1(Z), then 


di dizi @)ay, = Mp dizi Bidag, = Nap dizi(%i)as; = 13): 


Be oh At Ay pA 
2. in1()4,, = ick, )? + 2 VisicjenP; Pi , 


n n 

A Azy pA 
> (Boe, 7 ee +2 me id Pi”, 
i=1 i=1 


1si<jsn 


n n 

a a a 
>i, = DGPy +2 > PY P™, where my = |Dj|, WJ = 1,2,..k. 
i=1 i=1 


1si<jsn 


Proof 1. The result of the matrices’ trace property, we have ¥\"_,(a@;) ay = pe =e 


Analogously, we can show that 
n n 
a a 
> Bdary = Pee = Nap Ya = Pp. = 37 
i=1 i=1 
2. Equivalently, the sum of the square of eigenvalues of (P* 1(Z))? 


D(a = trace of (3)? 


i=1 
— p41) p41J Ary p41 Ay p41, p41 pA Ay pA Ary pss 
oe ie Pa +P, Po a ena as 2 Pa +P, Po + Py Py bee Pe 


At pA At pA Ay pAts 
ara et Ln PE 9 Pan ere t Fe Pan 


n 
= Aryy2 Ary pss 
2) Gee) Fe, 
i=1 


1si<jsn 


Analogously, we can show that 


n n 
a A A 
> (Boke, =) Ey +2 > ee hee 
i=1 i=1 


1si<jsn 
n n 
A a a 
Z = 3J\2 3] 3] 
Viger ee oR Re 
i=1 i=1 1si<j<n 


Theorem 3.10. Let ¢ = (u,A,,A2,...,Ax) bea A,-dominating SVNGS with n vertices and m R,- 
edges. Let D, is the 2)-dominating set, then 
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a a 7 
1: mB? + 2 Vicia, OE, P.Y +n(n—1)(6,))" < 
ERY < (3 (P)242 7 fa 
1si<jsn 4 
a 7 a 
omc Ave Bastejendy BENS 1)(52)) = 
Azy a Azy pA 
E(P,” < f(a sp ae a ae Y Ce) 
1si<jsn 
n ¢ pAsly2 43] psy 2 
3. ini(P, )? + 2 Yaisi<jenPi; Pi + n(n — 1)(63;)" < 


Aaj A3] pA3j 
DO ee Re, 


1si<jsn 


E(P, aa ce n(3 


Where y,, = det(P,/(Z)) and 6,, = |xx/|, x = 1,2,3 and J =1,2,...,k. 


Proof. According to Cauchy Schwarz inequality, (Lau,vjer, Mi Vi)” S Lazwper, u?)(Xqujvper ; v?) 


Upper bound 
If Uji = 1 and Yie= (@idayyl, then (Yaupvpery| (@)a,,)? Ss (Lupwpery 1) Qajvper, aia) 


"OY en(Z@ BA a ae» ae 


1si<jsn 


(E, (2) <i (Zepness 3 nee) 


1si<jsn 


Lower bound 


Or =) Hadad? = (Sen te Sy lege) 


1si<j 
(ujvi)ER] 


1 
(5 Pye +2 F i) + 2m AMycicjen{l(@aylI(@ay} 


1si<jsn 
But, 
AMy cicjen{I(@i)ayylIC@)ayyl} = GMrzicjen{ (da, IC al}. 


Therefore, 
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CEO) = [VCR R42 DPM BM + n(n EM ysicjen{I(@Da,II(@ al} 
i=1 


1si<jsn 


2 
n(n—-1) 
GM, icjen{|(@i)azlI(@%ayyI} = ( 0 (a MDa! 
si<jsn 


2 


TOD no 2 
-( I (eda,0) ( I (2,1) = 53, 


1si<jsn 1si<jsn 


(2,7) = yey +2 > Be pr +n(n- 1)(6,))# 


1si<jsn 


Combining these bounds, we have 


2 
aXe: M242 SY PPM + n(n-1)6y)" 


1si<jsn 


Ay Ary psy 
DG OPE eRe 


1si<jsn 


< ERYQ< "(3 


Analogously, we can show that 


2 ray +2 D0 PPM + n(n— 1); ot 


1si<jsn 


<  E(P./(¢) <i (Sabyeee, 2 ie) 
si<jsn 
2 
a: Sbhe +2 > P73) pI 4 n(n — 1) (65) 
i=1 1si<jsn 
< ERC) < n( Beye +2, 2 a) 
<i jsn 


Theorem 3.11. Let AG = (Ad,,Adz,...,AA,) be the adjacency matrix of ¢. Let ¢ = (W,A,,Az,...,A,) be 
a A,-dominating SVNGS and Ap : (¢) bea A,-dominating SVNGS adjacency matrix of ¢. Then 


1. (E,4(@)? <n (ser) + (EPG Nel 
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a (Ey O)S( LE FEE IO), 
3. (EO ()) <n (ZePy Em (E(P,OY), VJ =1,2,...,k. 


a a a 7 
Proof. 1. (E (P, ¥ (G))* =2 Lisicjen PY Pi V+ n(n - 1)(61;)" 


a 7. 
>2 poy pe 
J jl 


1si<jsn 
: Ay pA a 
i.e 2Yrcicjen PAY Pr” < (ECP, )@))? (1) 
Now, 


Ay = (pail Any pA 
EVO snl BEM +2 Do BM RE 


1si<j<n 
A Laer a 
Ep" ©)? <n( ¥ )? + EEO) by g(t) 
Analogously, we can show that 


Eo" @) <m( TEMP + EGO?) 


(E57@) <m(¥ A? + EHO"), VI = 12, 


Definition 3.12. Let ¢ = {,A1,A2,...,Ax} bea A)-dominating SVNGS of GS ¢* = (Q,Ry1,R2,.-.,Rx) is 
isomorphic to A,-dominating SVNGS (¢s = {w',A4,Az,.-., Ax} of GS Cs = {Q',Ry,Rz,..-,Rz} if we 
have (f,¥) where f:Q > Q’ is bijection and Y is a permutation on set {1,2,...,k} and following 
relation are satisfied 

4) = mF), be) =weF@)) and us(u)=43(f(u)) for all weEN and A,j(uv) = 
Ruy) F WF), Aaj (Uv) = Ayu (FU)F(W)) and As (uv) = Ayy yy (F(WF()) forall (u,v) € Ry, J = 
1,2,...,k. 


Remark 3.13. | If two adjacency matrices of 4;-dominating SVNGS are A(¢,) = {Ad,,Adz,..., Ad} 
and A(¢,) = {Aa}, Ad},..., Adj}, they are isomorphic if 


1. YA, 64) = Y Ady, FC) Yaa = Y Ady, fCui)) 
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>, Ada, (ui) = Y. Ady, (FH) .¥J SAD aia Ke 
i=1 i=1 


2. The energy of SVNGS ¢, = {u,A,,42,...,A~} is equal to the energy of SVNGS ¢, = {w',A4, Ab)... Ag}. 


ie €(C1) = €(¢2) 
< €(A,), €(Az),---, ECA) SH< €(A4), €(A5),.--, EAR) > 
Example 3.14. The adjacency matrix A(¢) = {Ad,,AA2} of A,-dominating SVNGS ¢ = {u,A,,A2} is 
isomorphic to the adjacency matrix A(¢,) = {Ad},Ad3} of A,-dominating SVNGS ¢, = {u’,A4,A2} as 
shown in Figure 2 and Figure 3 under (f,¥) where f:Q > Q’ is abijection and VY is a permutation 
on set {1,2} defined as ¥(1) =2,¥(2)=1 and following relations are satisfied, by above 
Definition-[d8], Remark-[r1]. Such that w= 


{u,(0.3,0.5,0.4), u3(0.6,0.4,0.5), wz (0.5,0.4,0.6), uw, (0.6,0.4,0.3)} As shown in Figure 3, we can easy to 
verify 


Y Ada, (uj) = Y Ady, (F0) > Ad), ,(ui) = Y Ady (f (ui), 


U4 1 (0.3, 0.5, 0.5) uy 


2(0.3, 0.5, 0.4) 
do(0.5, 0.4, 0.6) 


uy \1 (0.5, 0.4, 0.6) ug 


Figure 2 


4 4 
Y, Ada, (Ud = Ady (F(U)).VJ = 12. 
i=1 i=1 


The D, = {u,,uU3} is a A,;-dominating SVNGS ¢ is equal to the D; = {u,,u3} is a A,-dominating 
SVNGS ¢, for all J = 1,2. The energy of A,;-dominating SVNGS ¢ is equal to the energy of d,- 
dominating SVNGS ¢, for all J = 1,2. 
e(f) = €(2) 
< €(A,), €(Az) >= < €(7}), €(A2) > 
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Definition 3.15. Let ¢ = {u,A,,A2,.-.,A,x} bea A,-dominating SVNGS of GS ¢* = {Q, Ry, R2,...,Rx} is 
identical to SVNGS ¢, = {w’,A4,A3,...,A,} of GS (5 = {Q’, Ri, R3,...,R,} is a bijection and the 
following relations are satisfied. 

M4) = mF), be) = HF) and u3(u) = u3(f(u)) Vu € Q and A,;(uv) = 
Aj FMF), Aay(uv) = Az F WF), As(uv) = Aa F WF ()) V (ur) € Ry, J = 1,2,...,k. 


Example 3.16. Let ¢ = {u,A,,A2} and ¢5 = {u',A,,A2} be a two A,-dominating SVNGS of GS ¢* = 
{Q,R,,R2} and ¢5 = {Q’,R{,Rz} respectively, as shown in Figure 4. SVNGS of GS ¢* is identical to 
¢; under f:Q > Q’ define as 

fu) = v3, f(u2) = Vy f(us) = Vi, f(U4) = v2 and my (uj)) = Mm (fUi))VuEQ and A,,(ujvj) = 
Ay SF UDF), 42; Uy) = As, Fudf(Y)) and As,(Uiyj) = 23, fUDF(Y)), for all (uv) € R; and 
f=12 


” 4 (0.5, 0.4, 0.6) 4 


S = 
: = 
6 i 
S S 
$ 3 
ua Ai (0.3, 0.5, 0.5) uy 
Figure 3 


Hence, ¢* is identical to ¢¢ 


Remark 3.17. If two adjacency matrices of Aj- dominating SVNGS are A(¢,) = {AA,, Adz,...,AA,} and 


A(5) = {AA}, AAs,...,AA;,}. then [* is identical to (; which is satisfied 1 to 3 condition in remark- 
3.13. 


Theorem 3.18 Let ¢ = {u,A,,A2,.-.,Ax} and Cs = {u',A4,Az,...,A,} be two oj-dominating SVNGS of 
GS (* = {Q,R,,R2,...,Ry} and [F = {Q’, Rj, Rb,...,R,}. Then ¢ isidentical to @; under f:Q > Q’. 


Proof. Let ¢ = {u,Ay,Az,...,Ay} and Cs = {u', A4,A},.-.,A,} be two o;-dominating SVNGS of GS ¢* = 
{Q, Ry, Ro)... Ry} and Ci = {Q’, Ri, Rb,..., Ri}. 


Ay (uiv;) = min{y,(u)), Ha (uj)} = min {ut (F(u)), mi (FOu))} = Fd Fu) 


Therefore, A,,(ujyj) = (Ff (uy) f (ui) 


Similarly, we derive the equation Az)(uiv;) = [ly (F (uj) Fur), Asy (eer) =13(f(uf(ui)), Vi = 


1,2,.5+,.K: 
Hence, ¢ is identical to @; under f:Q > Q’. 
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3.1 Flow chart for Computing the Energy of A,-dominating SVNGS 
The proposed flowchart in Figure 5, for calculating the energy of A;-dominating SVNGS are 
presented in this section. Using the energy of A;-dominating nodes, a flowchart is used to identify 


the greatest accessible A,-relation nodes in an SVNGS. 


Input the set Q = {r,,7,,...,7,,} and put the SVNS vertex membership values fl, MyM, : ¥ > [0,1] and 
O< n,(a), uw, (a), My (a) <3. 


Input the SVNS membership values A, = {rs,A,,(rs),A,,(rs),A,,(7s)} of the edges rs ER, such that 
A,,(s) = min{u,(r),u,(s)},v i= 1,2,3 and J =1, 2,....k. 


Create mutually disjomt, mreflexive, symmetric relations R,,R.,...,R, on the set used variety of relations Q. 


Construct a graph structure ¢° = {Q,R,,R,,...,R,}with SVNS relation on ¢ = {1,A,,A,,..0, Ag}. 


Calculate the adjacency matrix of a 2,-dominating SVNGS Ap, (¢) from definition-3.4, 3.5. 


Calculate energy of each adjacency matrix of A,-dominating SVNGS ¢. 


select mats £9 (6) = (maxfe (8), asf (B").maxfeé (2) 


Greatest accessible energy of A,-dommating SVNGS 


Figure 5. Flow chart for computing the energy of 4,-dominating SVNGS. 
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4. Discussion 


The concept of Generalized GSs was first proposed by E. Sampathkumar [40], and Generalized FGSs 
were then proposed by T. Dinesh et al. [41]. Recently, Akram [43] developed the SVNGS concept. S. 
Mathew [32] introduced the idea of an FG's energy, and Mullai, M., and Broumi, 5S. (2020) introduced 
the idea of Dominating Energy in NGs. But, when a SVNGS comes in a real-life situation, it is very 
necessary to know about the SVNGS with its energy of A;-dominating. The results of this research 
may reveal its applications in many ways, especially in finding optimal functions. Its manifestations 
can be found in our flowchart section. The studies presented so far have only addressed fuzzy with 
graph energy and graph dominating energy; we now find results for SVN with graph structures 
energy of d,-dominating, isomorphic, and identical as an improvement, which makes their 
expression even more flexible in many applications. 


5. Advantages and Limitations 


The main advantages of the proposed method are as follows: 
e Its advantage is that it allows us to detect a specific relationship between the SVNGS and its 
energy of A,;-dominating. It means EW! (f) = (E(P,¥), E(P,7/), E(P?*!)) for all J=1,2,...,k. 
This can be calculated by the energy of A;-dominating SVNGS C. 
e Also in this study, we have found some properties of isomorphic and identical energy of 4,- 
dominating for specific relationship and their advantages. 
Some of the work limitations are as follows: 
e The energy of A;-dominating SVNGS was the main goal of the investigation and related 
network systems. 
e This approach is only applicable to the SVNGS in an environment of symmetric, irreflexive, 
and mutually disjoint relations. 
e There is no significance to the SVNGS concept if the characters' membership values are given 
in disparate environments. 
e It may not always be possible to get trustworthy results. 


6. Conclusion and Future Works 


The concept of 4;-dominating SVNGS energy is elaborated by the authors in this study. Beyond 
conventional fuzzy graph energy and dominating properties, the concept of A;-dominating SVNGS 
energy offers even more flexibility in describing uncertainty. It is an extension of fuzzy graph energy 
and dominating fuzzy graph energy. It also provides definitions that are important for 
comprehending the main results. Further, the energy of A;-dominating SVNGS was also investigated, 
along with some of its properties and bounds. We also present the notion of isomorphic and identical 
4,;-dominating SVNGS. There are many different directions that future research in this field could go 
if the adjacency matrix SVNGS is used. Utilizing SVNGS, determine the properties of the edge 
regular, connectivity index, and Wiener index. Further research is suggested in the following areas, 
which we intend to expand on: complex bipolar neutrosophic graph structures; complex q-rung 
orthopair fuzzy graph structures; and complex interval-valued spherical fuzzy graph structures. 
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